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DRIVER IMPEDANCE CONTROL FOR ADDRESSABLE MEMORY DEVICES 



output; 



This Application is a Continuation in Part AppHcation of parent AppUcation. 
Serial Number 10/072,346 FUed 2/6/02. 

Field of the invention 

The invention relates to providing of. control Motion for output drivers of «idress.ble 
^Kionraccess n,en»ry devices that provides, capability for changing the in>ped»Ke of an 
addressable memory output drive circuit without disturbing the contems of the memory device. 

Background 

irthe «t, dynamic random access memory arrays, DRAMS, are assembled in arrangements 
„fdevicesinvolvingdatalinesandconUollines.However,inmanyco„structioMbothtyp^ 
Hnes do not have to connect to each device. Asthe art isprogressinganeed is arising for an 

ability to be able to adjust the output impedance of entire arrays such a capabiEty v«,uld lead 
,0 having each devicebeingseparately adjustable wWch in turn would re,uireti»t the co^^^^ 

through each type of line v^ould be desirable at each device. 
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Summary of the invention 

The inv^tion is . «-d»n m p«™u 4e te>ped».ce of an output <lriver or a. 

»«»o„ acvio. .0 be configured «Hhou. adding extra signa. connectioM. V. output 
<„,erin,pedaneeco„t,».fUnetio.oftheinv««ionisacHevedti^«»useofthedaU^^ 

memory fbr oomrol. 71,. d«a lines thus s«ve .« purposes. o,>e for norn»l use and the 
other for control ofthein,x>dance.In.hei«vendon,theoutputinvedanceof^^ 
,^bly array th« drives a — d... bus is individuaUy separately adjusted. 

Brief Description of the Drawings 

Figure 1 is a perspeaive iUustration of the arrangement of standaM tatire ar, Synchronous 
Dy™„icDoubleDa.aRa.e(SDRAM.DDR)menK,,y array inatypicalinthe art computer 

system. 

Figures2- 5 fflustrate the application of the principles of the invention to the control of the 

i^edance of a standard component of SDRAM assembhes. the"offchip"driver(OCD), wherdn: 
Fig„re2fflustratesatypical DRAM daup«h through the assembly for wHtingd^a. 

Figure 3 ittustrates one arrangem»t of adjustment additions to a typical writing data 
pad, such as is shown m Hgur. 2 in orfer to implement fl« principles of the invention. 

Figure 4 b a timing Chan illustrating the effect of ti« adjustinent additions of Rgur. 3 . 

Figure 5 iMustrates an alternate arrangement of adjustinent additions to a typical data 
path such as is shown in Figure 2 to implementing tiie prindples of fl« mvention. 
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Description of the invention 

A, 4. p^formanee of Dyn»»c R^dom Access Memories (DRAMS) in data processing 
^sterns »oves .o ever higi,er ftequencies. precise co«ro. of *e daU input and output in *e 
^ syste™ assembly becon»s ouci. to ensure that there is reliable transfer into and out of 
each individual one of the assembly of DRAMS that make up the memon, assembly. Included m 
.hat precise control is tite ability «, adjust the impedance of the drivers that move the data in «.e 
a^.Thedrive«,reseparateunits.lu,ownin,hean.s-oircMp"drivers(OCD)s».dreceiv^ 

(OCR)s. 

To calibrate the drive strength and imped»,ce of »> OCD. DC »ren. meas«reme«s cm 
he taken v^letheOCD is drivingakno^logical state loM^-dtheimpedance is adjustedunta 

tt, recpired I-V charaaerisdc is obtained. To accompUsh such ». operation however, the 
memory contn-Uermusthe able to establishadesir^dlogical^ate for the OCD load and then 

^mmunicae adjustment instructions «> the DRAM. Tte situation is iUustrated in oonnecUon 
™,h Figures 2 - 7 which iUustrate the applic-ion of the principles of the invention to the control 
rf,heimpedanceof.nOCDwhereininFig.2thereisillust,atedatypicalDRAMda.ap..hfbr 

describing the essential operations in the writingofd... The particular DRAMarra^ 
figures , andahaveanex^m-lefourindependem data array banks with the read/write databus 
communication channel for the data labelledRmXhedataontheRVVDismultiplexedimo*^ 



arrays. 



YOR919980423US3 



»«„,eaa,.Da»isi«,»..oU»DRAM*n^*eDQOff^hip,eo.vers.a.oc.»o„ 

,.^M«^.neoessa..a-P^«..be«ed(^MUX). ..*eroaseU,edau.U.e„ 
ariveai«o.Hdire«ion..».l.beUed(RWD)»dis«ys.oredin*eo«™ry««y^^ 
^^su„aa,di«*e«.forooh»n«.^a.d for «,h». decoding. no. 

to Fig>« 3 *e tavemion U sho™ U^ugh a depicUon of 4. dau paU, of a DRAM 
«„^U,efe..u,esof,.».ope«.es««»>«,n,a,es»»..s*.v^.eda.pa.h.„*.ed. 

^.ecaon^Figure. toFig.e3 .».diUo„U,«eis.us«ed»iUanthedo«edbo,de«d 
^oMhef^«-"«d.p™vid^c,Bbra«on«.oo-of*ei«^ofoff.^ 

Refe^g .0 Fi««e 3. in invention an addition, control sig^ is P~vided. labeled 
^„,ST TheADn;STcon«o.sign.loreo»n»ndisgene«edbyti,.DRAMco«ro.oiro„^^^ 
^^.oamode.«Sis»r«.con«n.nd.on.ti>en«n,o.— . During .he ti„« wben 
ADn,SToonnn»,dUaetive.a.eR^VDb«.isdiBCO»,eo.ed6omti«da..,rr.ybankaa«dU« 
^^oonnnand^ft-cohnnnissuppressed. In o*er words any da. in ti«n,en.o,y array ™n 
^„.*n^becau.4en,emo,y array isdis->..di^.ccepti^ 

^r.«i.h*eADn;SToon^activ.da.canbe«ri«enon.o««RVn,bns.s^a 
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d.bu,«.edauc««otbes.ore.i«.h.me.o,,a,ray.I.™«beapP«^ 

^y^ r. d^irable .„ undisturbed. *en a^emen« .0 inMbi. «o,.ge would not 

be required. 

to ^oordanoe «i.b the tevention. under tl« ADJUST conm^nd, .he« i. e^btement of 
added control circuitry. UbeUed OCD IMPEDANCE CONTROL. tb« can receive prog.»™.n„g 
i^onsfto^^ydataontheRWDbusTheOCOmPEDANCECONTKOLisolocked 

^thev^iteconnnandcontrol signal togetherwithadel.yedver.c»oftbatsi^^ 
D^EDANCE CONTROL elen»n,per<brn«.l»fi™=.io«.ofime,pre,>Honofti.eprog« 

instruction, >M the generation of vector si^s which drive the OCDs »d s« th«n to the 

desired pull up and pull down levels. 

An example set of control settings are tabulated in Table 1. 

TABLE! 

-R? nn < 0 > Command 
DQ<2> DQ<1> DQ<0> Do Nothing 

^ Q 1 Increase pulldown impedance 



0 1 

1 1 



0 Decrease pulldown impedance 

Reset puUdown to default impedance 



^ « 1 Increase pullup impedance 



1 1 



0 Decrease pullup impedance 



1 



1 1 



Reset puUup to default impedance 



In accordance with the invention, with the ADJUST signal activated,anormalwri^^ 
commandbecomesuseabletoprogramthe OCD impedance through datareceivedontheDQ 



inputs. 
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Refermg to Figure 4 . liming chart is provided tl»t shows exanaple timings for the 
i^ped^ce cahbr^on op«..io„. In the ctart of Rgur. 4 the ™te command signal is labelled 
PCASandthecolumnoommandislabeUed CCAS. In the timing char, of Figure 4 thestandard 
i„,he an v^tedataburs, architecture of fourbiU. Only the first bit ofaburstfrom.subsetofn 

DQS is used for programming information. Al.en»tiveiy. consecutive bits in a burst could contain 
p^gr^nming informatior. Further alternatively, the 2nd. 3rd or 4,h bit of a burst could contain 
fte programming information. In the event that jus. one bit of a burst contains the programming 
information, the command should send some value for the fiiU burst. 

An CMnple protocol for achieving the imped«.ce adjustment as described in connection 
witii Figure 3 would be as follows. 

The extended mode register set (EXTMRS) activates the ADJUST mode. 

The ADJUST mode signal places theRWDMUXmahigh impedance mode and disables 

the write command to the column. 

The ADJUST mode signal prepares the OCD impedance control circuit to receive 
adjustment instructions. 

A single write command captures the DQs and drives them onto the RWDs. 

The first bit of the burst on DQ < 0:n> contains the impedance adjustment command. An 
example command tabulation is shown in TABLE 1. 
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An alternate option is to write impedance vectors directly to each OCD circuit utilizing 
the RWD bus to transfer the data to all OCDs and storing the value in a latch at each OCD. This 
would require that the clocking and mode signals PCAS and ADJUST be distributed to each 
OCD circuit. Since the existing RWD bus is available to transfer the data to all OCDs the vector 
bus from tiie OCD impedance would no longer be needed, thereby saving wiring space. 

In Figure 5 there is iUustrated an alternate arrangement of adjustment additions to one DQ 
circuit in a typical data patii such as is shown in Figure 2 in implementing the principles of the 
invention. Referring to Figure 5, the arrangemem does not involve tiie RWD bus at all and 
forther allows each OCD to be programmed independently. Two programming mode signals are 
involved, one labeUed ADJUST - PU for adjusting the OCD puUup and another labeUed ADJUST 
- PD for adjusting OCD pulldown. Each can be activated at different times by, a standard in the 
art, mode register set command. When either mode is active, the write operation to tiie array is 
suppressed. 

During a write command to the DRAM, the serial data is received by the off-chip receiver 
labeled OCR at each DQ and is stored in parallel at an element labeled DQ WRITE LATCH. The 
serial burst length would be four bits. For comparison, in a usual write command the data would 
be written in parallel over the RWD bus and stored in the memory array however, in this sitiiation 
tiie ADJUST-PU or ADJUST-PD mode prevents it. Instead, in tiiis situation, the paraUel data is 
stored directiy into the latches located near the OCD. This data contains the value as Ulustrated 
tiirough TABLE 1 of the desired impedance for atiier the puUup or pulldown which is tiien 
decoded in selecting tiie desired OCD impedance. 
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Therefore with or* of the ADJUST -PU or ADJUST - PD signaU activated a non«d ™te 
,on„„.„do».beused to program theOCDintped^teewiththeimped^^e^^^ 
send b«r«Mo,.overtheDQi«put.. It siKHddber^tedthat each OCD receives the 

vah.es from a u.i<^e DQ so that independent programming of diflerem CCDs is enabled. It 
shotUd also be further noted that there i, thus no restriction to a four bit burst length. 

An example protocol for «:hieving the impedance adjustment as described in comiection 

with Figure 5 would be as follows. 
T1««cte,rfedmoderegisterset(E)CrMRS)ac.ivatestheADJUST-PUor ADJUSTPD 

mode. 

The ADJUST-PU or ADJUST - PD mode signal places the RWDMUX in a high 
impedance mode and disables the write command to the column 

A four bit burst is written to each DQ write latch as in a normal write command. 

During a DQS to WRTCLK synchronization the four bit burst is transferred to the pullup 
or pulldown impedance latch and decoder. 

The extended mode re^ster set deactivates the ADJUST-PU or ADJUST - PD mode signal. 

The memory controller performs the impedance measurement. 

The procedure is repeated until the measurement is complete. 

What has been described is a fimction for setting the strength or impedance of output data 
driver circuits in an addressable memory system ITiefimctioncanbe realized ^^^^^^ 

of external data, addresses, or control signals to the memory device. 



